Introduction
Gardner and Dukes in an investigation of bacterial vaginosis (non-specific vaginitis) claimed that Gardnerella vaginalis (Haemophilus vaginalis) was the sole aetiological agent of this condition.' This claim became a matter ofcontroversy, and some investigators supported the role of the organism in the aetiology of bacterial vaginosis,2-' whereas others found no relation.8-"1 It is widely accepted, however, that G vaginalis is often isolated from the normal vaginal flora.9-1' Recent investigations have shown an increased association between anaerobes, G vaginalis, and bacterial vaginosis.3-51 ' '13 The condition is now usually considered to be a polymicrobial infection.
The finding ofepithelial cells coated with bacteria in the vaginal discharge of bacterial vaginosis was first reported by Gardner and Dukes.' These cells were called clue cells. The finding of clue cells has since been a common feature of many studies of bacterial vaginosis.' 1'-1' The presence of cells coated with Gram variable bacilli seems to indicate an association with adhesive strains of Gardnerella spp. Comprehensive studies have been carried out on the adhesive properties of many organisms. '6 There has, however, been relatively little investigation of the adhesiveness of G vaginalis. Haemagglutination activity was first described by Edmunds.'7 Mhrdh and Westrom showed that G vaginalis had a higher adherence rate than bacteria thought to belong to the indigenous vaginal flora.' 8 Sobel et al showed that adherence of G vaginalis to vaginal epithelial cells collected at various stages of the menstrual cycle did not vary, and that adherence to vaginal epithelial tissue culture cells was comparable to adherence to exfoliated vaginal epithelial cells. '920 In the present investigation the adhesiveness of several strains of G vaginalis was studied by assessing (1) haemagglutinating properties for a range of species ofred cells and (2) Tissue cultures were subcultured by trypsinising monolayers with 0.25% (w/v) trypsin. The cells were resuspended in complete growth medium. Cells were counted, and the cell concentration was adjusted to Thomas G Scott, Cyril J Smyth, and Conor T Keane have adherent bacteria present when more than a few organisms were seen to be attached, and no free bacteria were observed in the intercellular spaces ( figure (a) ). The most adherent strains attached heavily to all cells (figure (b) In the present study in vitro tests for adhesiveness were carried out to establish whether differences existed in the adhesive properties of G vaginalis strains. We thought that the clue cell phenomenon was more likely to be due to the adhesive ability of the organism than merely to bacterial load. An attempt was therefore made to correlate the findings of the in vitro adhesion study to the presence of clue cells in patients. The in vitro tests used might be thought to be somewhat artificial and not truly reflective of in vivo conditions. However, they provide rapid, simple, and standardised model systems to permit the evaluation of putative adhesive properties of bacteria. 
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The strains used in this study constituted pools of typical G vaginalis colonies from individual primary isolation plates. The question now arises of whether the adherence indexes ofthese strains are a measure of the adhesiveness of homogeneous populations of bacteria or whether they reflect the relative presence of adhesive organisms within heterogeneous populations. Though in the small number of colonial variants found no differences in the adherence index were apparent, an intensive investigation ofthe adhesiveness ofmultiple single colony isolates from individuals would be required to distinguish between the above possibilities.
The results ofthe haemagglutination studies showed that the strongest reaction was with human red cells. The titres produced were restricted to a narrow range. The finding that adhesiveness (as determined by haemagglutination) did not correlate with the presence of clue cells in patients' vaginal smears suggests that haemagglutinin may not be appreciably adhesive in vivo. No important correlation between haemagglutination titre and tissue culture adhesiveness was found, which indicated that separate adherence mechanisms may be implicated.
Many bacteria that attempt to colonise mucosal epithelial surfaces have adherent properties. Though adherence may be necessary to establish commensal states, pathogenic organisms must compete with normal flora. Enhanced adhesiveness would therefore be an important characteristic for the development and maintenance of infective states. 26 The correlation between the adherence index and the presence of clue cells in patients' smears suggests that clue cell formation is associated with adherent strains of G vaginalis. This does not, however, provide direct evidence of a causative role for adherent strains of G vaginalis in bacterial vaginosis. Nevertheless, because of the reported incidence of clue cells in smears from women with the condition, the adherent properties of G vaginalis may have a bearing on the pathogenesis of the condition.
In a study of adhesiveness in group B streptococci, Botta established that adhesive strains were predominantly of serotype III, which is the most common serotype in infections.27 In the present study biotyping was carried out, but no appreciable difference could be found in the adherence index of organisms of the major biotypes. This agrees with the findings of Piot et al, who found that there was no appreciable relation between biotypes and bacterial vaginosis.22 Also, in our study we found no difference in the occurrence of adhesive strains in most of the groups of patients tested, but six of the eight patients from STD clinics yielded G vaginalis isolates with an adhesive index ofmore than 20%. Because our sample was small, however, the results warrant further investigation to assess their clinical importance.
Thomas G Scott, Cyril J Smyth, and Conor T Keane Apart from its role in bacterial vaginosis, G vaginalis has been increasingly reported to be implicated in invasive infections, neonatal sepsis, and neonatal and maternal bacteraemia.28-3' The organism has also been reported in apparently "abacterial" pyurias.3234 In a study of unconventional bacteria in patients with "sterile" pyelonephritis, Fairley and Birch found G vaginalis in 33%.31 They reported the presence of epithelial cells, apparently coated with G vaginalis, in most ofthe patients and commented on their similarity to clue cells. These findings indicate a need to study the adhesive properties of G vaginalis isolated from invasive and non-vaginal infections.
The mechanism by which G vaginalis attaches to epithelial cells has not as yet been elucidated, but the presence of fimbriae on G vaginalis has been recorded. 36 In a recent report on the haemagglutinating properties of G vaginalis, Ison and Easmon showed that haemagglutination was not sensitive to mannose, but was inhibited by D-galactose and D-galactosamine, and that treating the red cells with sodium periodate reduced haemagglutination.37 This indicated that there is possibly a carbohydrate receptor on the red cell. The failure in the present study to correlate haemagglutination with tissue culture adhesion, however, seems to indicate a different combination of adhesion and receptor in the attachment ofG vaginalis to epithelial cells. Indeed, though the haemagglutinating activity of strains is inhibited by D-galactose and D-galactosamine, the tissue culture adherence of the same strains is resistant to both (Scott TG, unpublished observations). Investigation of the mechanism of adhesion of G vaginalis to tissue culture cells, as a model for the attachment to vaginal epithelial cells, is currently under way.
The findings of the report published here show clearly that adhesiveness varies considerably between strains ofG vaginalis. The relation shown between the presence of clue cells in vaginal smears and tissue culture adhesiveness indicates a possible role for adherent strains in the pathogenesis of bacterial vaginosis. Further evaluation of the relevance of the McCoy cell adherence test is now required to establish the incidence of adherent strains from patients with bacterial vaginosis, evaluated by currently acceptable criteria, compared with the incidence from patients without symptoms of bacterial vaginosis. The effect of metronidazole treatment on the recovery of adherent strains would also be of particular interest. 
